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REMOTELY MONITORED MEDICAL SYSTEM 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority to U.S. provisional application No. 60/423,206, filed 
5 October 30, 2002, the disclosure of which is incorporated by reference herein. 

FIELD OF THE INVENTION 

The current invention is directed to remote medication and medical service delivery 
systems; and more particularly to an apparatus for the monitoring of a patient and/or the delivery 
10 of prescribed medications to patients at a remote location. 

BACKGROUND OF THE INVENTION 

Advances in pharmaceutical technology have led to major improvements in modern 
healthcare. New pharmaceuticals have been designed to fight bacterial infections, disease, 

15 mental disorders, and a variety of other medical conditions. However, many of these 
pharmaceuticals require very carefully controlled conditions to be effective. For example, 
although drug "cocktails" or combinations have been very successful in extending the lives and 
lifestyles of many HIV-positive patients, the drugs often have very complicated protocols. 
Moreover, failure to follow all of the indications can greatly reduce the efficacy of these drugs. 

20 More problematic still are antibacterial drugs that often have required patients to take the 

medication for weeks or even months. In these cases, the failure to follow a course of 
medication to its completion, particularly for bacterial infections, can and does frequently lead to 
the generation of drug-resistant strains of these bacteria, which in turn require the development 
of ever more sophisticated drugs. 

25 To address these problems hospitals often turn to in-house dosage routines, which either 

require a patient to come into the hospital to receive their medication, or require close 
supervision of the patient throughout the treatment by a healthcare professional. Not only is this 
practice costly and time-consuming, its success depends on the availability of a large numbers of 
healthcare professionals. The September 11th terrorist attacks and the anthrax mail attacks on 

30 many government agencies around the country, and the subsequent struggles the public health 
system faced in delivering medication to all the exposed postal personnel, demonstrated the all 



EXPRESS MAIL # zru0 S0mfu5 { 



October 29, 2003 



too real possibility that healthcare disasters either natural or man-made could easily overwhelm 
the public health system leading to tragic lapses in medication delivery. 

The possibility of the public health system being faced with hundreds of thousands, or 
possible millions, of individuals exposed to either biological or chemical attacks makes it 
5 apparent that a system is needed to provide for the remote delivery and monitoring of a patient's 
medication and overall condition. 

SUMMARY OF THE INVENTION 

The present invention is directed to a remote medication delivery system for providing 

10 remote monitoring, and optionally delivering, medication to a patient. 

In one embodiment the system comprises at least one dosage containment unit, a sensor 
for monitoring the status of the unit, and a transmitter for transmitting the status to a remote 
receiver. In one such embodiment, the transmitter is activated to send the status automatically 
when one of the sensors senses that one of the units has been opened. In another such 

15 embodiment, each of the dosage units has a unique electronic door identifier such that the 
identity of the unit being opened is transmitted to the remote receiver along with the status of the 
unit. 

In another embodiment, the system also includes a unique electronic system identifier. 
In still another embodiment, the system includes a clock for generating a date and time 

20 stamp. 

In yet another embodiment, the system includes a global positioning system for 
determining the geographical position of the system. 

In still yet another embodiment, the system includes a data encryption device for 
encrypting data from the system prior to transmission. 
25 In still yet another embodiment, the transmitter is selected from the group consisting of a 

two-way pager system, a cellular communication system, and a telemetry RF frequency system. 

In still yet another embodiment, the remote receiver is further connected to a database 
through a network. In such a system the receiver converts the signal from the transmitter into an 
electronic mail for transmission over the network. In such an embodiment the email may be 
30 encrypted prior to transmission and the database may be a secure database. 
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In still yet another embodiment, the system includes a digital thermometer for recording a 
patient's temperature. 

In still yet another embodiment, the system includes at least one memory device for 
storing data generated by the system prior to transmission. 
5 In still yet another embodiment, the system includes a data entry device for entering data 

into the system. In one such embodiment the data entry device is an alphanumeric keypad. The 
data entered in such an embodiment may include preset codes indicative of a patient's condition. 
In such an embodiment, the remote receiver may also include a programmable controller for 
analyzing data entered into the system for a patient's condition and communicating the patient's 
10 condition to a user, such as medical personnel. In such an embodiment, the data transmission 
means may include electronic mail, a page, or a hardwired monitor and may be integrated with or 
independent from the receiver. 

In still yet another embodiment, the system includes a digital scale for recording a 
patient's weight. 

1 5 In still yet another embodiment, the system includes a digital blood pressure monitor for 

recording a patient's blood pressure. 

In still yet another embodiment, the system includes a mechanical interlock system to 
prevent the non-sequential opening of the dosage containment units. In such an embodiment, the 
interlock system may include a timer such that each lock is unlocked automatically when it is 

20 time for a patient to take a medication. 

In still yet another embodiment, the system includes a programmable timer for storing 
one or more medication dosage schedules having any number of medication events therein. In 
such an embodiment, the system may be designed to automatically transmit the status of the units 
at a predetermined time interval. The system may also include an alarm to provide an indication 

25 to a patient of the appropriate time for taking a medication. The alarm may also or 
independently include a remote patient notification system to communicate the medication time 
to a patient remotely. This remote communication system may include any suitable device 
including a pager, a cellular phone, a telemetry RF frequency, etc. 

In another embodiment, the invention is also drawn to a method of remotely controlling 

30 the medication of a patient, using a system as described above. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present invention will be better understood 

by reference to the following detailed description when considered in conjunction with the 

accompanying drawings wherein: 
5 Figure 1 is a somewhat schematic diagram of one embodiment of a remotely monitored 

medical system in accordance with the invention. 

Figure 2 is a block diagram of one embodiment of a remotely monitored medical system 
in accordance with the invention. 

Figure 3 is a flowchart of the operation of one embodiment of the data collection and 
10 transmission functions of a remotely monitored medical system in accordance with the invention. 

Figure 4 is a flowchart of the operation of one embodiment of the reception functions of a 
remotely monitored medical system in accordance with the invention. 

Figure 5 is a flowchart of the operation of one embodiment of the database functions of a 
remotely monitored medical system in accordance with the invention. 

15 

DETAILED DESCRIPTION OF THE INVENTION 

The current invention is directed to a remotely monitored medical system, or RMMS. 
One exemplary embodiment of an RMMS is that of a "smart pillbox" as shown in FIG. 1 . In this 
embodiment, the RMMS is a pillbox preloaded with a medication regimen. As shown in FIG. 1, 

20 each RMMS contains at least one medication matrix comprised of multiple dosage containment 
units (DCUs) 1. Each DCU 1 is designed as an individual containment and dispensing unit for a 
predetermined dosage of the contained medication(s), and each DCU is arranged with at least 
one door 2 such that the contained medication(s) are retained within the DCU until the DCU is 
opened and the medication consumed by the patient. Although not required, to ensure the safety 

25 of the patient, each DCU may be preloaded and then hermetically and sterilely sealed with a 
visible tamper proof seal (not shown). 

As shown schematically in FIG. 2, each of the DCUs is also connected to a door sensor 
or interface 10 which monitors the open/close status of a door. During operation, once a door is 
opened (as shown in FIG. 1) the door monitor sensor switches the status indicator from the 

30 closed to the opened position. Although the doors 2, as shown in FIG. 1, may be 
indistinguishable from each other, and therefore may also be opened in any order desired, in a 
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preferred embodiment each DCU is clearly labeled on its face with a number that corresponds to 
the order in which it should be opened. In addition, each door may also have a unique electronic 
address that corresponds to its physical position in the numerical opening sequence, i.e., the door 
to the fifth DCU to be opened would be printed on its face with the number 5, and would have an 
5 electronic address of 5, such that upon opening the door the electronic address would record its 
status uniquely, such as, for example, in a bit location in a non-volatile Open/Closed status array 
18, as depicted in the box diagram in FIG. 2. In such an embodiment, once a DCU is opened its 
corresponding Open/Close bit is permanently set to an Open status. 

In addition to the sensor and status indicator 10 described above, the doors 2 of the DCUs 

1 0 1 may also be interlocked by a mechanical means such as opening tabs for each DCU that are not 
revealed until the preceding DCU has been opened, such that each DCU must be opened in 
numerical sequence beginning with the first DCU and following in ascending order. Such 
sequentially controlled opening permits variable dosing to accommodate medication loading 
requirements and/or additional medication regimens within the primary medication regimen. 

15 The RMMS of the current invention is also designed to be remotely monitored and/or 

operated. Accordingly, each RMMS is also provided with a transmitter 6 such that the status of 
each DCU 1 may be transmitted to a remote receiver (not shown) and thereby the status of the 
RMMS and each DCU remotely monitored. Although as shown in FIG. 1 the transmitter 6 may 
comprise a hardwired interface such as through a modem connection to an external data or 

20 telephone line, the RMMS may also comprise a wireless transmitter, such as, for example, a two- 
way pager system, a cellular system, a suitable RF radio frequency, or any other suitable data 
transmission system, such as over the Internet via an email or web-broadcast system. In addition 
to the actual transmitter, the data generated for transmission by an RMMS unit of the current 
invention can be in any suitable format. For example, in one embodiment the RMMS unit places 

25 the data into an email message format, adds the appropriate email headers (such as for SMTP for 
example), and transmits the email. The message can also alternatively be encrypted and error 
checked if desired prior to transmission. Regardless of the transmission system used and the 
format of the data transmission itself, it should be understood that the RMMS unit of the current 
invention is in communication with a remote receiver such that the desired medical personnel 

30 can adequately monitor the medication and/or medical condition of the patient user. 
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The transmitter 6 may be triggered by any suitable means. For example, in one 
embodiment the transmitter may be activated manually by the user after each dosage of 
medication is taken, however, in a preferred embodiment the opening of the door on a DCU, and 
the setting of its status bit to Open by the DCU sensor/interface automatically triggers the 
5 transmitter to transmit an RMMS status update. In such an embodiment, as shown in FIG. 2, the 
RMMS Open/Closed status data array 10 is scanned, and optionally stored in a memory device 
18, such as a non-volatile memory device, then the result of the scan is formatted, and converted 
into transmittable packets by the data system central processor 17 that then activates a transmitter 
21 to send a signal to a central database (not shown). Accordingly, in such an embodiment, each 
10 time one of the several DCUs 1, is opened to take the medication contained therein the status of 
the door is monitored, recorded, and transmitted to a remote monitor. 

Although, the above description provides the basic system necessary for the operation of 
the RMMS in accordance with the current invention, it should be understood that the RMMS 
may include a number of peripheral medical monitoring devices, and subsystems to enhance the 
1 5 capabilities of the system. 

For example, in one embodiment the RMMS unit may include a unique electronic 
identifier such that when the RMMS unit broadcasts its status to the remote receiver it also 
broadcasts a unique identification code such that the remote monitor can be sure of the identity 
of the broadcasting unit. 

20 The RMMS unit may also include a clock and/or calendar 15, as shown in FIG. 2, to 

provide date and time data. In such an embodiment the clock may be interconnected with a 
central processor 17 and/or the DCU door sensor/interface 10 such that when a door 2 is opened 
and a status update is sent, a date and time stamp may also be applied to the data. In one 
embodiment, the clock may also contain a timer and a programmable timer memory such that a 

25 medication dosage schedule may be programmed into the RMMS unit. Such a timer may in turn 
be connected to an alarm system to provide an indication to the user that the time for taking a 
medication dosage is due. Such an alarm system may take any suitable form, such as for 
example, an audible alarm or a visual indicator such as an alarm light. Alternatively, the alarm 
system may include a remote indication system, such as a two-way pager system or any other RF 

30 radio broadcasting system such that the alarm may be transmitted to a user's attention remotely 
on a standard pager, cellular telephone, or other receiver. In such an RMMS unit the timer may 
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also be interconnected with the mechanical interlock system such that each door 2 is only 
unlocked and may thus only be opened at a time determined by the medication schedule 
programmed therein. It should be further understood that although the timer may be designed 
such that the user can program and reprogram the timer and clock system manually, the RMMS 
5 unit and timer may also be designed such that it is preprogrammed prior to issuance to a user, 
and/or may be interlinked with the transmitter and central processor such that medical personnel 
can remotely program and reprogram the timer through the data link. 

In addition to an onboard clock/timer, an RMMS unit in accordance with the current 
invention may also include a global positioning system 16 (GPS), as shown in FIG. 2, such that 

10 the geographical location of the RMMS unit may be determined. In such an embodiment the 
global positioning system may be interconnected to a memory device through a central processor 
such that the geographical location of the RMMS unit can be stored into memory and transmitted 
by the transmitter to the remote receiver. In one preferred embodiment the global positioning 
system 16 is automatically activated to obtain the geographical location data of the RMMS unit 

15 upon activation of a data transmission event. In such an embodiment, once a DCU door 2 is 
opened and the door status sent to the transmitter for transmission to the remote sensor, the 
global positioning system is also activated, the geographical location data taken and combined 
with the door status data and transmitted to the remote receiver such that the location of the 
patient can be determined by the monitoring medical personnel. 

20 In yet another embodiment, the RMMS unit may also include one or more peripheral 

vital monitors. For example, in one embodiment, as shown in FIG. 1, the RMMS unit may 
include a digital thermometer 3, which may be attached to the RMMS base unit via a data cable 
tether 7, and may also dock into a slot (not shown) in the RMMS unit for storage. Such a 
thermometer may be used to record a patient's temperature when required. The RMMS unit may 

25 also include a digital scale (not shown) with local display attached via an appropriate data tether 
to the RMMS unit, or alternatively a digital auto-inflating blood pressure monitor with local 
display attached through an appropriate data tether to the RMMS unit, such as through an 
auxiliary data port 6 (as shown in FIG. 1) and 14 (as shown in FIG. 2). As it should be 
understood, other digital health or fitness monitors may also be included as required. In any such 

30 embodiment, the optional vital monitors may be interfaced directly to the RMMS unit data 
system, such as the central processor 17 and/or memory 18 such that the data may be recorded 
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and transferred for immediate storage into a temporary memory. In an embodiment of the 
RMMS unit, the transfer and storage of the peripheral measurement data automatically triggers 
the data system to transmit the status of the RMMS unit and the auxiliary data to the remote 
receiver. 

5 As shown in Figure 1, the RMMS unit may also include a data entry device, such as an 

alphanumeric keypad, such as a the type found on a telephone 5, that the individual can use to 
enter and transmit other data to the remote receiver. For example, the data transmitted may 
include predetermined codes that correspond to developing symptoms, such as dizziness, blurry 
vision, uncontrolled bleeding, etc (ex. Al for dizziness, A2 for blurry sight, Bl for body tremors, 

10 etc.). In such an embodiment, the data may either be manually transferred by user action, or the 
central processor may be adapted to enter the data automatically into memory and transmit the 
data to the remote receiver along with the rest of the RMMS unit status data. In such an 
embodiment, the RMMS unit may be designed to automatically review the transmitted data, for 
example, by a database program that scans all the database records for "out-of-bounds" 

15 conditions, such as combinations of symptoms that may indicate that the patient is in a medically 
dangerous condition, and if such an "out-of-bound" alert is detected the RMMS unit may be 
designed to automatically transmit the data to the remote receiver. Alternatively, the receiver 
may be designed to contain and execute such a database program. Regardless of whether the 
transmitter or receiver monitors the codes for dangerous conditions, multiple levels of medical 

20 alerts can then be established by programming the automatic database processes to automatically 
notify the supervising medical personnel of individuals that need further review. The alerts can 
be sent to the supervising medical personnel by any suitable method, such as by email, two-way 
pager, cellular phone transmission, or alert screens on their monitors. Although the above 
discussion assumes that the data entry device 5 is integrated with the RMMS unit, such a device 

25 may also be a peripheral that is connected through a data tether into one of the auxiliary ports 6. 

In addition, to the above data entry devices the RMMS unit may also include a data 
display device 4, as shown in FIG. 1. In such an embodiment the display device may comprise 
any suitable system for communicating information to a user, such as an LED display or a liquid 
crystal display. As shown in FIG. 2, the display device 20 may be directly interconnected with 

30 the other data entry and monitoring devices of the RMMS unit, such as through the central 
processing unit 17 such that any information entered from any of the peripheral devices, such as 
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the digital thermometer 14, the clock 15, or the data entry device 13 may be displayed on the 
display device. Like any of the other peripheral devices, the display device described above may 
also be interconnected with the RMMS unit through a data tether into an auxiliary port interface 
14. 

5 In addition to the various peripheral devices discussed above, an RMMS unit in 

accordance with the current invention may also include an encryption system 19, as shown in 
FIG. 2 interconnected with the transmission system 21 such that data transmitted from the 
RMMS unit is securely encrypted to protect the data during broadcast. In such an embodiment a 
suitable encryption system may be utilized with the current invention such that data may be 

1 0 encrypted and transmitted to the remote receiver. 

Although the above-discussion has focused on an RMMS base unit having a pill 
distribution function, the current invention is also generally directed to a remote medical 
monitoring system. For example, an RMMS unit might comprise a base unit only designed to 
provide a selection of medical monitoring devices and other data entry systems. Specifically, in 

1 5 one embodiment for diabetics the RMMS unit might comprise an electronic scale device, a blood 
pressure monitoring peripheral, and a glucose tester such that all relevant medical information 
can be entered into the system and transmitted to remote medical personnel for analysis. It 
should be understood that any suitable combination of medical testing devices may be combined 
through peripheral electronic devices into a data collection/transmission RMMS unit as 

20 described above such that the condition of a patient can be remotely monitored by medical 
personnel. 

Regardless of the specific combination of medical analysis or medication dispensing 
devices connected to the RMMS unit according to the current invention, the data transmission 
once triggered are transmitted from the RMMS unit by a suitable transmission device, such as a 

25 radio frequency connection like a 2-way pager telemetry signal, to a receiver that retransmits the 
data, such as by converting it into an Internet email, and sends it to a secure database at a central 
medical monitoring facility. For example, in an RMMS unit including a plurality of DCUs, an 
electronic RMMS signature, a thermometer, other optional peripheral devices, and a GPS 
system, the data transmission packets are constructed to include a unique RMMS kit identifier 

30 number, the Open/Close status condition of the DCUs in the kit, the data reading from the 
thermometer if appropriate, the data reading from any optional vital monitors that are in use with 
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the system, the GPS position of the unit, a public key if appropriate, the email address of the 
central medical monitor database, and an error-checking construct such as a CRC field. The data 
transmission thus constructed is then sent to the remote receiver where they are converted into 
Internet email (SMTP) messages and transmitted to the central medical monitor database. 
5 FIGs. 3 to 5 all show flowcharts of the operation of an RMMS unit in accordance with an 

embodiment of the current invention having a plurality of DCUs. As shown in FIG. 3, during 
operation, once a dosage containment unit is opened 30 and its corresponding Open/Close bit set 
to "open" 31 a series of data updating and transmission procedures are triggered. First, the 
detection of an opening of a DCU by the DCU door sensor, and the setting of the DCUs status bit 

10 to "open", triggers an RMMS status update by the data system 32. In one embodiment, the 
RMMS Open/Closed status data array is scanned and stored in non-volatile memory 39. 
Alternatively, a data transmission procedure may be immediately and automatically triggered by 
the DCU opening 33. Regardless of whether the data is initially stored for later retrieval 34 and 
transmission at either a manual, or timed transmission trigger, or immediately and automatically 

1 5 transmitted upon opening of the DCU, once the transmission procedure is triggered, the result of 
the scan is then formatted, and converted into transmittable packets by the data system central 
processor. 

If the RMMS unit has additional peripheral devices, such as an onboard clock 40, an 
onboard GPS 41, a unique electronic identifier 42, and/or encryption system 43, as shown in 

20 FIG. 3, then once a transmission procedure is triggered, each of these devices is queried by the 
system. For example, if the RMMS unit contains a clock chip 40, the system queries the clock, 
which provides the data system with the current date and time 35. Likewise, if the RMMS unit 
contains a Geographic Positioning System (GPS) 41 that determines the physical location of the 
RMMS unit, the system queries the GPS which provides the relevant geographical data to the 

25 data system 36. 

Although not shown in FIG. 3, if the RMMS unit has other peripheral monitoring 
systems, such as a digital thermometer, a digital scale, a digital auto-inflating blood pressure 
monitor, or other digital health or fitness monitors or data input devices such as an alphanumeric 
keypad that may be employed by the user to enter predetermined symptom codes (ex. Al for 
30 dizziness, A2 for blurry sight, Bl for body tremors), the optional vital monitors interface directly 
to the Medication System's data system. During operation, they capture the measurement data, 
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and transfer it to the Medication System's data system for immediate storage into temporary 
memory. The data may then wait for the activation of a data transmission procedure, such as 
when a DCU is opened, or during a scheduled transmission event, or the transfer and storage of 
the measurement data may itself trigger the data system to enter into a data transmission 
5 sequence. 

Once all of the data is retrieved it may either be directly prepared for transmission, or 
where available a unique RMMS unit identifier can be retrieved 37 from an onboard RMMS 
electronic identifier system 42 and then the combined data sent to an encryption system 38 prior 
to transmission. The encryption system in turn encrypts at least a portion of the data and then 

1 0 returns the encrypted data to the transmission procedure 43. 

Regardless, of what peripherals are attached to the RMMS and what encryption and 
identification devices are utilized, once the RMMS data system retrieves the data from the 
temporary storage area and validates and normalizes the data. Then the data is formatted into 
data transmission packets, 44-45, the public encryption key 46 and error-checking construct and 

15 code 47-48 are added to the data transmission packets, and the data packets are sent to a 
transmitter 49 and transmitted via a radio frequency transmitter to the central RMMS remote 
monitor database 50. 

The data transmission is designed to contain all relevant data generate by the RMMS 
unit. For example, in the embodiment described above, the data transmission packets are 

20 constructed to include a unique RMMS kit identifier number, the Open/Close status condition of 
the DCUs in the kit, the data reading from the thermometer if appropriate, the data reading from 
any optional vital monitors that are in use with the system, the GPS position of the unit, a public 
key if appropriate, the email address of the central medical monitor database, and an error- 
checking construct such as a CRC field. 

25 As shown in FIG. 4, in one embodiment once data packets are transmitted 61 via the 

radio frequency transmitter to the radio frequency supplier's ground station 62 they are 
converted into Internet email (SMTP) messages 63 and transmitted to the central medical 
monitor database 64-65. It should be understood that although the above embodiment only 
discusses the transmission of the message to the database via the Internet that any suitable means 

30 of transmitting the data received by the receiver to a secure database may be employed by the 
current invention. For example, the remote receiver could itself contain a transmitter capable of 
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transmitting data wirelessly to the database, or alternatively the database itself might include the 
receiver such that no further transmission of the data is required. 

Regardless of the means of transmitting the data from the receiver to the database, as 
shown in FIG. 5, once the data packets arrive at the secure RMMS remote monitor central 
5 database they are read 71, decrypted if necessary 72, and the data parsed 73 and placed into the 
database file that corresponds to the RMMS kit unique identifier number 74. During this process 
the data may be date and time stamped upon its placement into the database. Although not 
necessary, in the embodiment shown in FIG. 5, the placement of the data into the database file 
may further trigger an immediate medical profile update 75. In such a medical profile update the 

10 database scans the patient's records for "out-of-bounds" or potentially dangerous medical 
indications and predetermined statistical and alarm procedures are applied to the medical profile. 
If any alarm conditions are found to exist predefined notification procedures are then 
implemented 76. The notification procedures will be established to correspond to the severity of 
the alarm condition generated by the deviation in the medical profile. For example, the range of 

1 5 notifications could be from a simple entry into a periodic report table to immediate notification 
of standby medical personnel. Such notification could then be delivered to the medical 
personnel by any suitable means, such as two-way paging, cellular phone communication, or via 
email through the Internet. Regardless of the method of the alert, it should be understood that 
the database of the RMMS system in accordance with the current invention may include a 

20 remote access feature such that after correct authorization and authentication all medical profiles 
can be accessed via simple web browsers operating in a secure mode 

As described above, the exact combination of monitoring devices and medications placed 
into the RMMS unit, such a system provides the capability to monitor great numbers of patients 
in an efficient manner. For example, the data handling requirements of even a million units in 

25 operation is trivial for current database operations. Thusly an enormous number of individuals 
can be medicated and monitored and those that develop serious symptoms can be identified and 
admitted into the existing public health hospitalization and treatment facilities. 

Accordingly, although specific embodiments are disclosed herein, it is expected that 
persons skilled in the art can and will design alternative remote medical monitoring systems and 

30 methods of remotely monitoring the medical condition of a patient that are within the scope of 
the following claims either literally or under the Doctrine of Equivalents. 
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